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Sol*  of  Phagocytic  Defense  In  the  Mechanises 

of  Action  of  Strap  totaycic  la  Vivo, 
by 

C,  Levadlti  and  J,  Yoiiiet. 

The  object  of  the  present  memoir  i#  the  precision  of  tbs  .role 
played  by  the  natural  defenses  of  the  organises,  in  particular 
phagocytosis,  in  the  final  act  of  the  process  which  assures  annihila¬ 
tion  of  pathogenic  ndcro-organisnia  in  animals  sutrcdltted  to  treat¬ 
ment  by  streptomycin*  A  general  law  Is  involved,  regulating  the 
therapeutic  action  of  sulf amides  as  well  as  penicillin.  In  effect, 

“  ”  ”‘“a"dds*>  lt  *“  7"  “  ~ 

with  pneumococcus,  streptococcus,  B*  ? rLediander  and  other  bacteria* 
that  if  it  la  proved  that  "efficacious  medications  exercising  in 
vivo  an  incontestable  bacteriostatic  action,  we  must  concede  that 
another  factor  finishes  the  work  of  bacterioatatls,  aow  this  factor 
can  only  be  phagocytosis,  it  is  this  which  has  the  Iasi  word  in  the 
conflict  which  the  organism,  under  the  chemotherapeutic  shock* 
engages  with  the  invader.  It  is  this  which  assures,  thanks  to  the 
englobement  of  germs  and  their  intracellular  digestion,  the  definite 
annihilation  of  the  pathogenic  agent" *  “The  intervention  of  the 
phagocytic  apparatus  in  the  epilogue  of  the  drama  is  a  proof,  nonethe¬ 
less  demonstrable,  pleading  for  intervention  of  organic  defenses  in  the 


chemotherapeutic  warfare  of  microbial  diseases",  (C.  Lcv&diti, 

A.  VAisaan  and  B.  Xraasaoff  (1);  C.  Levaditi  (2).} 

Beside*,  experiments  with  staphylococcus,  hemolytic  strepto- 
coccus,  pneumococcus,  submitted  in  vivo  to  the  curative  effects  of 
penicillin,  hare  led  to  conclusion*  analogous  to  tbs  preceding. 

"Finally,  it  is  especially  thanks  to  ultimate  intervention  of  the 
defensive  syete*  of  the  organism,  and  in  particular  to  phagocytosis, 
that  the  sterilising  activity  of  penicillin  is  exercised”, 

(C.  Levaditi  end  A,  Faisasan  (3).) 

Is  it  also  the  mechanism  of  action  of  streptomycin?  Our 
eatperiawnces  Shave  been  with  Staphylococcus  aureus.  Escherichia  coll, 
Klebsiella  pneumoniae  (Frlsdlandcr’a  Bacillus)  and  Bacillus  anthrad.*, 
following  the  technique  here  given! 

technique,  —  Series  of  aloe  are  inoculated,  by  intraporitoneal 
route,  with  lethal  doses  of  cultures  aged  24  hours  on  bouillon 
(  0  cac.3).  So a#  serve  a*  controls,  tbs  others  are  treated  (sub¬ 
cutaneous  route)  with  1,000,  2,000  or  5,000  sdcrograas  of  anti¬ 
biotic  (according  to  the  species  of  microbe  being  considered),  in 
2  or  3  injections  acre  of  lees  spaced.  At  regular  intervals  the 
sice  belonging  to  each  one  of  these  series  are  sacrificed  (except 
for  those  which  succumb) ,  Examinations  bear  on  the  peritoneal  exudate 
and  on  the  blood.  For  ooeiiac  liquid,  cultures  and  smears  are  made? 
the  latter  are  stained  with  phenoHsed  methylene  blue  or  by  process 
permitting  the  evidence  of  capsules.  Blood  cultures  furnish  information 


3* 


on  the  presence  or  absence  of  septicemia. 

from  the  quality,  the  content  of  peritoneal  exudate  is 
evaluated  in  free  gerss  by  direct  count  (rat,#  of  aicrwscopic  field) 
and.  the  quantity  and,  quality  of  phagocytes,  intensity  of  phagocytosis 
is  deterraiaad,  even  the  fate  of  an globed  gar as.  The  collection  of 
this  data  serves  to  establish  graphs,  or  the  number  of  bacteria  fire* 
per  field  is  indicated  by  figures  varying  from  aero  (absence  of 
bacteria)  to  infinity  (sore  than  IDO) ,  and  where  the  degree  of 
phagocytosis,  as  well  as  the  type  of  phage cyte s ( polynuclear ,  mono** 
nuclear  or  gross  macrophages)  figure  schematically,  Sven  the  capsulation 
and  ir.volutive  modifications  of  these  microbes  are  seen. 

Here  are  the  results  obtained: 

l.  STAPHTLOCQCCUS  AUHSJS. 

1.  Control  mice  (graph  X) ,  —  Inoculation  by  intraperitonea  1  route 
of  0  erne  3  Culture  on  bouillon,  aged  24  hours.  The  deaths  take  place 
between  the  14th  and  36th  hour, 

a)  Bacterial  content  of  peritoneal  exudate 

y 

Tima  Humber  of  Microbes 

(ifa  hours)  per  field 

0-1  1 

2  3,4 

4  19 

6  00 

Thus,  progressive  augmentation  in  the  number  of  geras,  which 
reach  infinity  in  six  hours. 
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b)  ieucocytosia  and  phagocytosis.  —  Leucocyte si*  la 
constituted  exclusively  by  polyraiclaars.  These  are  in  &  state  of 
lyai*  in  dead  animals,  Phagocytosis  passes  from  /  /  at  the 
fourth  hour  to  ^  /  /  /  *t  the  sixth  hour.  But  4t  this  last 
period  of  infection,  the  englobed  perns  prepare  a  Xwool^aia  due 
to  an  intense  l*iee>  lytic  power, 

c)  Cultures  of  peritoneal  liquid  are  revealed  positive 
during  the  while  exporiaantj  blood  cultures  become  so  only  at 
the  eighth  hour# 

these  experiments  show  that  in  control  mice  survival  i»  nil#  do 
death  staphyloooeei  in  the  peritonea.-,  fluid  and  septicemia  beginning 
at  the  sixth  hour#  Phagocytosis,  inoperative  because  of  the  lysis  of 
leucocytes,  itself  an  effect  of  staphylococcic  leu  co lysine,  offers 
no  resistance  to  multiplication  of  id.  cro organisms,  whence  the  early 
death  of  the  animal*. 

2*  Treated  nice  (Graph  2),  —  treatment  with  3  at  1000  aderogram# 
(iaaedistely,  4  hour*  and  8  hours  after  the  infection),  infinite 
survival  of  the  animals. 

a).  Bacterial  content  of  peritoneal  exudate*  . 


Time 

(in  hours) 


0 

30 

1 

2 


6,  up  to 
7th  day 


Hunter  of  gem* 
per  field 

->  26 
^  1 
0,2 

0 


5 


Thus,  progressive  disappearance  of  gems,  becomes 
total  at  the  sixth  hour,  continuing  thus  to  the  seventh  day# 

b),  Leucooytoeis  end  phegseyto*d.» ,  Leucocyte si •  is  rapid 
the  rare  lymphocytes  verified  at  the  beginning  of  the  experiment 
being  replaced  by  polynuclear*  first,  by  an  association  of  white 
globules  vdtfe  lobed  nuclei  and  macrophages  at  the  beginning  of  the  ? 
fourth  hour.  Phagocytosis  is  intense  between  the  second  Kid  the 
eighth  hour,  to  be  attenuated  between  the  tenth  and  forty-eigth  hour 
and  disappear  completely  after  the  third  day,  SagLobeavnt  is 
accomplished,  first  by  polynucleara,  lastly  by  large  mononuclears. 
The  latter  ataphologieal  and  tinctorial  modifications,  representing 
a  whole  series  of  invalutlve  phenomena,  up  to  the  final  stage  of 
total  intracellular  lysis.  Besides,  the  a&crephages  englobe 
polynuclear*  containing  phagocytic  geras,  (Phanoaesaon  already 
observed  with  penicillin). 

a).  Cultures,  —  Cultures  of  peritoneal  exudate  remain 
positive  jtp  to  the  sixth  day,  while  those  of  blood  have  been 
negative  during  the  Whole  course  of  the  experiment  (except  the 
fourth  day).  This  shows  that  streptomycin  hinders  the  appearance 
of  staphylococcic  septicemia,  but  does  not  sterilise  the  peritoneal 
cavity  until  the  very  end  of  the  experiment.  The  reason  for  it 
is  that  the  leucocytes  having  eagiobed  the  mlcroorg&nl sas  in  a 
state  of  bacteriostasis,  but  still  living,  protect  then  from  the 
germicidal  effect  of  the  antibiotic,  wills  anticipating  that  they 


*#*ar*  total  lysis  even  in  the  nidst  of  their  cytoplasm. 

Xi  is  tc  be  concluded  that  phagocytosis,  principal  factor  of  defease 
of  which  the  orgardea  is  capable  t  plays  &  role  of  prime  importance  in  the 
timl  act  of  etrepf^ayeia  cur*  of  infection  produced  in  adce  by 
Stupbylococous  aureus, 

%,  leeheriehi*  coll  (Mat,  coll) 

1,  Control  alee  (graph  3)  ^Xatrapejibooeal  isoeulation  of  0  esse.  3  of 
a  culture  <as  bouillon,  aged  24  hours.  Math*  take  place  between  the 
second  and  fourth  hour*.  Thus,  evolution  is  sore  rapid  than  that  of 
staphylococcic  infection. 

a),  bacterial  content  of  peritoneal  exudate; 


Timm 

in  hours 

0  to  30’ 
1 

- 2 - 

4  to  14 


butcher  of  Microbes 
per  field 

>  50 

>  50 

Infinite  (elongated  fora*} 
infinite 


Thus,  rapid  multiplication  of  sdcroorgardsma  in  tbs  peritoneal 
cavity  attain*  infinity  by  the  second  hour, 

b).  Leucocyte eia  and  phagocytosis.--  from  the  second  hour, 
massive  polynuclear  leuoeytosie,  It  is  the  same  with  phagocytosis 
which  is  intense,  but  which  leads  to  lysis  of  which  globules,  whence 
its  inactivity,  (Note  an  attachment  of  bacteria  to  the  surface  of 
lymphocytes  at  the  beginning  of  the  experiment). 
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c)„  Cultures *  Cultures  of  blood  and  coelie  exudate  are  positive 
during  the  whole  experiment,  evidence  of  a  state  of  early  septicemia* 

Z*  Mice  treated  (Graph,  4)«  —  Treatment  with  3  x  5* OCX)  aicrogruaa 
by  subcutaneous  route  (imediately,  six  and  14  hours  after  infection) 

•).  Bacterial  content  of  peritoneal  exudates 


tism 
in  hours 
0 

30»  to  1 
2  to  4 
6 
$ 

,  10 
20 


Mimmr  of  bacteria 

per  field 
2 

50 

25 

5 


3,4 

2,1 

i 


30  to  5  day#  0 

Thus,  after  a  transient  swltiplication  of  the  germs  toward  the 
end.  of  the  first  hour*  progressiva  disappearance  of  the  gents  le  effected 
between  the  sixth  and  the  twentieth  hour,  which,  after  this  laps  of 
tine,  leads  to  total  effaceaeni,  lasting  the  duration  of  the  experiment 
(five  day#)*  In  the  course  of  this  process,  certain  B*  coli  show 
signs  of  degeneration*  undergoing  a  transformation  in  polymorphic 
elements,  having  the  appearance  of  stroma#, 
h),  leuoocytosi#  and  phagocytosis* 


Tl,p^ 

in  hours 
30«  to  1 
2 

4  to  4 
8  to  10 
20 
30 
48 

3  to  5  days 


Phagocytosis 


Trace 

{  4  /  (poly) 

{  {  (poly) 

{  f  f  (poly) 

Trace  — 

{  {  f  (poly  and  son©) 
Trace  (poly) 

0  (mono) 


Imucocytosis  and  phagocytosis  are  int.#c#«  frosi 
^bie  ia  ac  cofsp  li  ah  ad  ft  r?t  t^r  polymidiMiys  aud  towards 


itttra-cytopxasgdc  begesnarati© 


culture#  are  start!#  during  the  whole  sours* 


©iittjr  beooae  radically  negative  only  at  the  8th  hour,  a  phenomenon 
similar  to  that  shown  by  the  experiment  preceding  (Staphylococcus  aureus). 

St  can  be  concluded,  than,  as  ©oaeeras  Seeherlehia  soli,  that 
phagocytoais  Intervenes  actively  in  the  proses#  of  heeling  of  an  infection 
jwstai  by  this  organism  in.  odee. 


3*  Klebsiella  jaseuaimiae  (IHedtsader1#  Bacillus) 


offer#  «  parties!®**  point  of  intersstfb  fer  us.  la  effect,  this  bacillus 
i*  eamtaenilf  c&p*t;iogeaic.  We  have  shews,  by  the  jaeehas&ss  ©f  nation  of 
suXfaaides  and  penicillin,  that  the  capsulation  of  atreprococcu#,  of 
pneumococcus  and  Klebsiella  is  an  iagaortant  factor  in  the  efficacy  of  the 
phagocytic  defense.  It  is  in  hindering  capsulation,  la  other  words  the 
fer  nation  of  this  apparatus  of  anti -phagocytic  protection  which  is  the 
capsule,  that  medication,  froa  the  fast  of  their  sulfaaide  or  antibiotic 
activity,  render  certain  ricroorganlsss  susceptible  of  being  eoglobed 


!« 


Now,  this  anti-capsulo genic  factor  intervenes  effectively  in  the 


process  of  healing  with  streptomycin  of  infection  engendered  by 
£4*ha4«ila  »n*r«aor»ita»  It  is  this  whisk  results  fro®  the  egsperlsents 
suasmrised  feelowi 

1*  Control  ad«e  (Graph  5)*  I&tr&peritoneal  injection  of  0  esse  3  of 
#ultur#  on  bouillon t  aged  24  hours,  Heath  in  six  hours. 


Hs» 
in  tours 


0  to  1 
2 
4 
& 


Hasher  of  bacteria 
per  field 

23  to  27)  Partial 
!>-  §0  l  Sapsttlatioa 

>  100  ) 

Infinity  fatal  ^pamlsttiog 


■Raws,  sms  inteneiv «  aultiplisatisa  of  aiaworgasisse  beginning  towards 
the  second  hour,  to  give  pUcf  finally  ( sixth  hour)  to  &  true  latra- 
peri tones!  oulture. 

b) *  Itoueeeytosis  and  phagocytosis.  —  Mass  pel^saxelear  leusecytoaia 
Is  sere  mrfced  St  the  begirfflir.g  of  the  second  soup,  phagocytosis  is 

less  sarked, 

c)  C&psul&fcioia,  <*—  ifm-capeui&t  ea  daring  the  first  two  hours,  the 

B.  of  Friedlander,  after  having  pas  smi  through  a  short  phase  of  polysaorpfeis*, 
ia  surrounded  by  capsules,  encapsulation  fcecaiiing  integral  at  the  sixth 
hour  (argentic  ispr  agnation) . 

d)  Cultures,  —  They  are  positive  during  the  whole  duration  of  the 
eiqperiiaent.  (blood  aid  peritoneal  fluid). 

Thus,  iepticaslft  and  peritonitis  in  encapsulated  Klebsiella, 


2t  Treated  nri.ce  (Graph  6)*  — *  Treatment  by  2  x  ZaQOO  aicrograas 
(imaediat ely  and  after  sight  hours ) .  Definite  survival  of  the  animal#, 

a)  Bacterial  oeatent  of  peritoneal  fluid* 


Time 

in  hour* 


Humber  of  bacteria 
per  field 


Capsulation 


G 

30*  to  1  h. 

2 

4 

6 

6 

16  to  2  day* 


21 

vr 

26 

6 

6,5 

2 

0 


0 

0 


degenerated 


Decree*#  In  number  of  bacteria  after  the  fourth  hour  1*  accented 
progressively  thereafter;  it  ends  in  complete  disappearance  of  these 
bacteria  at  the  sixth  hour  and  continues  than  to  the  aid  of  the  experiment 
(second  day).  , 

b)  beucocytcsis  and  phagocytosis.— •  Polynuclear  leucccybosie  la. 

r  / 

marked,  to  become,  after  the  sixth  hour,  a  icaarophagic  leucocytosia. 

4*  fear  phagocytosis,  it  i«  scarcely  noted  and  does  not  appear,  except 
ia  an  ephemeral  fashion,  except  at  the  eecond  and  the  twenty-fourth  hour. 

c)  Capsulation  —  As  shown  in  the  table  above  and  in  Graph  6, 
capsulation  appears  only  as  &  tentative  state,  between  the  second  and 
fourth  hour,  when  the  bacteria  have  passed  through  a  phase  of  polyworphiaa. 
Then,  after  the  sixth  how,  and  before  they  have  disappeared  from  the 
exudate,  the  Klebsiella  show  signs  of  manifest  involutive  degeneration 
(argentic  impregnation). 

d)  Cultures .  —  Cultures  of  blood  are  consistently  negative  during 


the  whole  course  of  the  experiment ;  cultures  of  peritoneal  exudate 
become  so  after  the  sixth  hour. 


11 


Here,  then,  are  the  conclusions  which  resulted  from  the  gathering 
of  evidences 

1*  Capsulation  of  Klebsiella  pneumonia  is  a  coalition  aim  qua 
won  of  multiplication  of  bacteria  in  the  peritoneal  caudate,  and  in 
consequence,  of  aortal  septiceg&a  of  treated  mice. 

2.  Phagocytosis,  dies  net  appear  except  for  a  trace  and  as  an 
ephemeral  ineide&ee,  $»,  treated  mice, 

3.  Cecre&ae  in  amber*  of  free  bacteria  (preceded  by  morphological 
and  staining  rasdifleatiwis)  ,  so  that  their  delete  disappearance  seems 
due  to  a  direct  to-ctericidai  effect,  and  lysis  exercised  ay  a 
•treptcaynib.  This  effect  i»  acoda^sanied  by  annihilation  of  potential 
sapshlogehicity  of  the  toctctia. ' 

Prom  all  this  it  ieeulfcs  that,  contrary  to  what  took  place  with 
StaphylococauB  aureaa  and  £&cherlchi  .  -oil,  phagocytosis  disappears 
before  the  microbicidal  activity  and  direct  lysis  exercised  by 
streptomycin  in  Sklebsivlla  pneumoniae.  The  importance  of  its  role, 
as  a  factor  of  defense,  venae  then  according  to  the  adorohial  species 
under  consideration. 

It  m&zst  interesting  to  us  to  cospare,  from  this  point  of  view, 
the  mechanism  of  action  of  sulf amides  and  streptomycin.  The  latter 
antibiotic  has  a  strong  bactericidal  and  lytic  effect  with  regard  to 
Klebsiella  pneumoniae,  while  sulfasddea  were  revealed  to  be 
esclueively  bacteriostatic.  This  explains  the  Important  role  of 
phagocytosis  in  sulf amide  healing  of  infection  caused  by  Frledlanderto 
bacillus  |§#  Levaditi,  A.  Vaiaman  and  D,  Krassnoff  -  Bull.  Acad.  Had, 
121i  730,  1939) 


The  mb*  role  disappears  Kith  streptomycin,  the  curative  effect  of 
which  consists  in  a  distinct  preeminence  of  bactericide  and  extra¬ 
cellular  lysis. 

4*  Bacillus  anthrsds 


Her*  v*  are  concerned,  a*  la  the  preceding,  with  a  capsulogenle 
bacteria  capable  of  defending  itself  a^dnst  phagocytosis  thank*  to 
ite  aptitude  for  encapsulation, 

X*  Control  ale*  (Orapn  *0,  Intraperitoneal  Inoculation  of  0  erne  3 
of  culture  on  bouillon,  aged  24  hours.  Death  in  14  -  24  hours, 
a)*  Bacterial  content  of  peritoneal  exudate t 


Tins  Number  of  bacteria 

in  hours  per  field 


1  ;  4/  Hon-capsulated 

4  14) 

-X0 . . Infinity)  - . 

14  Infinity)  Capsulated 

24  Infinity) 


thus,  the  number  of  free  bacteria  in  the  peritoneal  exudate  augment* 
progressively  beginning  with  the  fourth  hour,  to  attain  infinity  and 
be  aedntatned  to  the  end  of  the  experiment. 

b)  Leucocytosi a  and  phagocytosis.--  The  initial  lymphocytosis  is 
rapidly  replaced  by  polynucleosis.  The  polynuclear*,  in  dead  odes, 
are  lysed.  As  for  phagocytosis,  it  is  fully  developed  toward  the 
second  hour* 
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c).  Capsulation.  —  Begins  toward  the  tenth  hour  and.  is  .  | 

maintained  during  the  rest  of  the  experiment,  j 

d),  Culture  e,  —  Positive  in  blood  and  peritoneal  exudate. 

Thus,  fatal  septicemia  determined  by  B.  anthracla  encapsulated, 

2*  Treated  mice  (Graph  8).  —*  treatment  with  3  x  1,000  micro  grams 
(inaadlatsly,  24  and  48  hours  after  infection) ,  Definite  survival,  { 

a)  Bacterial  content  of  peritoneal  exudate  t  S 


Time 

Humber  of  bacteria 

Capsulation 

in  hours 

0 

per  field 

5 

0 

10*  to  1 

0,4 

0  part,  degenerated 

2 

3 

0  *  ■ 

4  to  48 

0 

a  a 

Thus,  progressive  diminution  of  the  number  of  bacteria  in  the 
peritoneal  exudate  and  complete*  disappearance  from  the  fourth  hour. 

-  - .  b)  Leucocytoais  and  phagocytosis,  —  Leucocytoeis,  at  first  _ 

lymphocytic,  becomes  polynuclear  from  the  second  hour  and  is  associated 
with  an  intense  mononucleosis  beginning  with  the  eighth  hour.  This 
mononucleosis  is  predominant  tovard  the  end  of  the  experiment . 

As  for  phagocytosis,  it  is  practically  nothing. 

e)  Capsulation,  — -  Capsulation  as  such  does  not  exist,  but  on  the  other 
bend,  the  bacteria  show  signs  of  partial  or  even  to&l  degeneration 
beginning  with  the  first  hour. 

d)  Cultures,  —  Negative  in  blood  and  almost  totally  negative 
in  the  peritoneal  liquid  (absence  of  septicemia). 


From  til  this  it  may  be  concluded  that,  parallel  to  Klebsiella 
pneumoniae,  Bacillus  anthraels,  a  microorganism  eminently  capsulogenic, 
effectively  defends  itself  against  phagocytosis,  thanks  to  the  protective 
capoulee  with  which  it  is  surrounded,  succeeds  in  multiplying  intensely 
in  normal  mice,  in  which  it  results  in  septicemia  and  death.  In 
ai.ce  treated  with  streptosycin,  on  the  contrary,  the  same  microorganism 
undergoes  an  extracellular  change,  being  manifested  by  lose  of  potential 
oapsulog eni  d  ty  and  by  iiwolutive  and  staining  alterations  attributable 
to  the  direct  microbicidal  effects  of  the  antibiotic.  Phagocytosis 
seems  to  play  no  effective  role  in  the  defense  of  the  organism  against 
this  pathogenic  agent, 

, .  Conclusions 

■  ^ 

The  experimental  study  of  the  mode  of  action  of  streptomycin  in  vivo 

throws  light  on  the  rois  of  primary  importance  played  by  phagocytosia _ 

in  tire  annihilation  of  certain  pathogenic  microorganisms,  Phagocytic 
englobeaeat  and  intracellular  digestion  of  these  microbes  intervene  in 
the  last  act  of  the  fight  which  is  waged  between  the  organism  submitted 
to  streptomycin  treatment  and  the  microbe.  This  is  exact  in  the  ease  of 
Staphylococcus  aureus  and  Escherichia  coll.  On  the  other  hand,  in 
infections  caused  by  Klebsiella  pneumoniae  and  Bacillus  anthracis, 
intervention  of  phagocytic  defense  is  either  effaced  or  apparently 
non-existent.  Here,  the  bactericidal  and  anticapsulogenio  effects  of 
streptomycin  are  part  of  tbs  first  plan,  the  destruction  of  bacteria 
being  more  the  result  of  such,  effects  than  the  intervention  of  phagocytes 


The  degree  of  this  intervention  varies  then  according  to  the  type  of 
sdcrobe  under  consideration.  It  appears  at  least  probable  that  in  the 
course  of  treatment  with  streptomycin  the  phagocytic  defense  is 
more  effective  In  respect  to  non-cupsulogani c  microbes  tiaa  face  to 
face  with  pathogenic  agents  susceptible  of  encapsulation.  — 

(Institut  Alfred  Fournier) 


